SUMMARY The distribution of hyaline cartilage in the sagittal plane of the normal human femoral head was examined. 28 specimens from persons aged 10 to 68 years subject to post-mortem examination in a teaching hospital were anatomically orientated and x-rayed in a lateromedial projection. An optical technique was used to measure the cartilage thickness from the x-ray films thus produced. Measurements were made with a sensitivity of ±0 *01 mm using a metrological projector. 11 defined sites on each femoral head were surveyed to give the distribution of cartilage thickness. The greatest thickness was identified anterior to the zenith. Between the ages of 20 and 45 years the thickness of this zone increased with age. The thickness of femoral head cartilage was not evidently related to femoral head diameter, femur length, or body weight.
1961). Measurements of the mean thickness of human humeral cartilage do not support this opinion (Meachim, 1971) and no significant alteration of patellar cartilage thickness accompanies aging (Simon, 1971) . The systematic measurement of human femoral head cartilage at different ages has not been undertaken.
Materials and methods
Twenty-eight whole right femurs were obtained at post-mortem examination of 13 males and 15 females. The ages and causes of death of the subjects are given in Table 1 . They were selected to exclude gross obesity, chronic renal, metabolic, and endocrine disease, articular and systemic connective tissue disease, trauma to the hip joint and adjacent structures, and a history of prolonged immobilization. Femoral heads that displayed overt fibrillation on the superior surface (Meachim and Stockwell, 1973) were also excluded.
To ensure comparability each femur was orientated with respect to the main body planes so that the centre of the hip joint contact area, approximated by the zenith of the femoral head, was in the same vertical plane as the tibiofemoral contact areas. For convenience this orientation was achieved with the specimen horizontal (Fig. 1) . The femur rested on the With the zenith and circumferential limits of the cartilage marked with needles, the specimen was x-rayed in the lateromedial projection in a Faxitron 8050 cabinet. The x-rays were superimposed on a transparent polar grid and measurement sites marked at 20°angular intervals from the zenith (Fig. 2) . Cartilage thickness at each site was measured with a Heuer optical projector designed for engineering metrology. Readings were taken to the nearest 0 01 mm. The maximum range of variation recorded at any site when one specimen was reorientated, x-rayed, and measured 3 times was ±0 03 mm.
Appropriate statistical analyses were made. The regression equations, correlation coefficients, and significance levels are given in Table 2 .
support. A perspex jig representing the three perpendicular body planes was positioned so that one vertical face simultaneously touched the inferior, tibial surface of both condyles. The points of contact could be seen through the perspex as bright spots. These gave a good approximation of the centres of the tibiofemoral contact areas. An ink line, the condylar line, was drawn on the perspex to join the spots. To identify the zenith of the femoral head the jig was then transferred to the upper end of the femur. There, the height of the support was adjusted until the contact spot on the femoral head lay on the condylar line, defining the zenith.'Ink marks were then taken from the perspex tot'the femoral head, marking the zenith and the sagittal plane.
Each femoral head was then removed and placed for 30 minutes in normal saline before reorientation, A characteristic distribution of cartilage was recognized in the lateromedial radiograph of the femoral head (Fig. 2) . From a thickness of approximately 1 mm on the posterior face, the cartilage increased in depth to 2 mm in the -20°to +40°z one (Fig. 3) , i.e. immediately anterior to the zenith. Thickness then decreased again. Asymmetry was characteristic but was least pronounced in immature and young adult femoral heads. To determine whether asymmetry was unique to the plane chosen for measurement, 2 specimens were x-rayed in a range of positions representing a 3-dimensional survey of the thickness of the entire cartilage. These x-rays showed a similar pattern to those detected in the lateromedial view. There was more cartilage at any point on the anterior hemisphere compared to an equivalent point on the posterior. There was also more cartilage on the medial than on the lateral surface.
CARTILAGE THICKNESS IN RELATION TO AGE (EACH SITE) (FIGS. 4-7)
The variation of cartilage thickness at each site with age showed significant differences. In childhood and adolescence a distinction between growth and articular cartilage was impracticable. Near the articular margins (Figs. 4 and 7) , there was little alteration after this age. However, towards the anterosuperior surface (Fig. 6) , the cartilage thickness increased again up to age 45 years. Beyond this age the scatter of thickness measurements was large. The pattern of variation was similar at each site over the entire surface but the magnitude of variation increased gradually with distance from the articular margins to a maximum in the +200 to +400 regions. To determine whether this was peculiar to the chosen plane of measurement, alone at all sites on the anterior half of the femoral head was recognized, i.e. a simple linear regression (Fig. 8) . If corrections for specimen sex, and height differences were performed by multiple regression analysis, a significant thickness increase was also * found at -20°and -40°.
Discussion
These investigations show that the distribution of (Meachim, 1971) . This view conforms with the microscopical evidence that chondrocytes near the ANGLE FROM ZENITH = 100 fissures and clefts are grouped in clusters in which the increased numbers of cells indicate an increased v frequency of cell division. The suggestion also conforms with biochemical evidence (Mankin, 1974) anterosuperior region. This is not the case. Byers and his colleagues detected fibrillation of the superior surface in only 16 of 400 femoral heads although in Jr is asymmetrical. The thickest cartilage is 15 of these cases the damage was recognized in the identified on the anterosuperior surface of the femoral head. The present evidence also confirms that the thickness of the adult anterosuperior zone increases with age, by contrast with the margin of the articular cartilage where there is little increase in thickness. If the measured increases are attributable to abnormal selection, i.e. bias in the choice of material, it is anticipated that the percentage increase in cartilage thickness would be the same at all sites. This is not the case. It is interesting to note that there appears to be little relationship between measures of skeletal geometry such as height, femoral length, and femoral head diameter, and the thickness of the femoral head cartilage.
There are few published records of measurements ofthe thickness ofhuman articular cartilage and none that show its distribution quantitatively. Determining creep modulus for a series of femoral head cartilages, Kempson (1970) 
